Object. Filum terminale lipomas (FTLs) are being identified with increasing frequency due to the increasing utilization of MRI. Although an FTL may be associated with tethered cord syndrome (TCS), in many cases FTLs are diagnosed incidentally in patients without any symptoms of TCS. The natural history of FTLs is not well defined.
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F ilum terminale lipomas (FTLs) are a type of lumbosacral lipoma in which the fat is entirely within the filum terminale and separate from the conus medullaris. 13 Cadaveric studies have demonstrated a prevalence of 4%-6% 12 in otherwise normal spines, and MRI prevalence estimates have ranged between 0.24% and 4%.
1,4,29
Filum terminale lipomas are occasionally associated with tethered cord syndrome (TCS), and some authors have advocated for prophylactic sectioning of the filum terminale when an FTL is identified. 14, 16 With the increasing use of MRI, FTLs have been identified more frequently in asymptomatic individuals. 4, 5, 29 There has been no large study describing the natural history of FTLs or the expected distribution of conus position in patients with FTL compared with individuals without FTL.
Methods
After obtaining approval from the University of Michigan Institutional Review Board, we reviewed the medical records of all patients evaluated at our institution between January 1, 1997, and December 31, 2011, to identify those patients with clinical or imaging evidence of an FTL. The records of 50,249 consecutive patients who underwent lumbar spinal MRI were searched for the terms "filum" in combination with the terms "fat" or "lipoma" and derivatives of those terms such as "fatty," "fibrofatty," or "lipomatous" using a free text search engine (RadQuery). We manually read and viewed the medical and imaging records of all patients identified in this population using the search engine to confirm the presence of an FTL. Patients were considered to have an FTL if the interpreting neuroradiologist made this diagnosis on the MRI report. Patients were excluded if they had other spinal lipomas including conus lipomas or lipomyelomeningocele. Patients Filum terminale lipomas: imaging prevalence, natural history, and conus position with myelomeningocele, dermal sinus tract, diastematomyelia, or sacral agenesis were also excluded.
For patients with FTL, we collected demographic information including age, sex, presenting symptoms, the indication given for the initial MRI study, and, if any surgical treatment was pursued, the surgical data including choice of surgery and treatment outcomes. Magnetic resonance imaging records were reviewed in every case to confirm the diagnosis of an FTL. For the purpose of this analysis, patients were considered to be symptomatic if the evaluating clinician had indicated any concern for symptoms in the medical record. Imaging characteristics were evaluated including verification of FTL, the location of the conus, presence of a syrinx, and presence of vertebral anomalies such as hemivertebrae.
Conus levels were recorded for all patients with adequate imaging records, which included axial imaging through the level of the conus and lumbar vertebrae to the lumbosacral junction. Conus level was assigned based on the adjacent vertebral body or disc space at the level of the inferior termination of the spinal cord. Levels were determined by counting up from the lumbosacral junction. The most caudal modal rectangular lumbar vertebra was considered L-5 for the purposes of this analysis.
20 Sufficient data were available to use this technique to assess the conus level in 405 of 436 patients. We randomly selected 150 adults without FTLs and a group of 152 age-and sexmatched children without FTLs as control subjects from our database of all patients undergoing lumbar MRI. Conus levels were recorded for this control population of adults and children. For the purpose of this analysis, conus termination below the vertebral body of L-2 was considered low lying.
Natural History Data Collection
Patients with untreated FTLs who had clinical follow-up of 6 months or longer were evaluated to assess the natural history of the lesions. Patients were assessed for development of new symptoms and changes in existing symptoms, as well as for surgical treatment.
Data Analysis
Analyses were performed to evaluate the association of age, sex, initial imaging characteristics (level of conus, presence of syrinx, and presence of vertebral anomalies), clinical characteristics of symptoms, surgical intervention, conus level, presence of syrinx, and other imaging characteristics using the Fisher exact test and ANOVA testing. Multivariate logistic regression was performed to assess age, sex, and imaging characteristics and their association with symptoms and surgical intervention. Conus levels were compared in patients with an FTL and in the control population using ordinal regression. Data were analyzed using SPSS (version 20.0, IBM SPSS), and SAS (version 9.3, SAS Institute Inc.).
Results

Presentation
We identified 436 patients with FTL of approximately equal sex distribution (217 males and 219 females). There were 282 adults (65%) and 154 children (35%). The mean age of all patients was 34.9 ± 25.3 years. The most common indication for initial imaging in these patients was back pain with or without neurological complaints (59%), kyphoscoliosis (13%), and history of malignancy (11%). Vertebral anomalies were identified in 11% of patients, including hemivertebrae (7%), congenital fusion (2%), and segmentation abnormalities (2%).
The conus level could be assessed in 405 of 436 patients, which included 253 adults and 152 chidlren and was found to be low lying in 64 patients (16%). Low conus position was found more frequently in children with FTL than in adults (p < 0.001). There were 45 children (30%) with a low conus position but only 19 adults (8%) (Tables 1-3, Figs. 1 and 2 ). Spinal syrinx was also found more frequently in children (p < 0.001). Twenty-one patients (5%) had a syrinx; 3 were in adults and 18 were in children.
Most patients were asymptomatic at presentation (95%; n = 414). Twenty-two patients (5%) were considered symptomatic at the time of the initial evaluation; 7 of these were adults and 15 were children (Table 4) . Younger age was associated with symptomatic presentation (p = 0.002). In children, all patients with symptoms were 9 years of age or younger. Among symptomatic patients, the most common symptoms were urological abnormalities in 59%, back pain in 32%, and leg pain in 32%. A lower conus level was significantly associated with symptomatic presentation. Of the 22 patients who presented with possible symptoms, 17 (77%) had a low-lying conus (p < 0.0001). Low conus level had a positive predictive value for symptoms of 27% (17 of 64), but a normal conus level had a negative predictive value for symptoms of 99% (367 of 372). Presence of a syrinx was not significantly associated with symptomatic presentation. Only 2 (9%) of 22 patients with symptoms had an associated syrinx (p = 0.3). There was no correlation between sex and symptoms. Twelve males and 10 females had symptoms. After multivariate analysis, only a low-lying conus was significantly associated with symptomatic presentation (p < 0.0001).
Surgery
Fifty-two patients underwent sectioning of the FTL (12%). Of these patients, 21 presented with symptoms of TCS prior to surgery. Twelve had urological symptoms and 10 underwent urodynamic studies prior to surgery. Twenty-two patients had no symptoms of TCS prior to surgical untethering. Nineteen of these patients had a low-lying cord, a spinal syrinx, or both. Nine otherwise asymptomatic patients underwent surgical untethering at the time of scoliosis repair. The scoliosis in these patients was considered secondary to skeletal abnormalities including hemivertebrae and segmentation abnormalities in every case. Most of those undergoing sectioning were children (n = 45; 87%). Younger patients were more likely to undergo untethering, with a mean age of 8.7 years for patients undergoing surgery versus 38.4 years in untreated patients (p < 0.0001). Patients with a low-lying conus were also more likely to undergo sectioning of the FTL. Thirty-seven patients (71%) who underwent surgery had a low-lying conus (p < 0.001). Patients with evidence of a syrinx were also more likely to undergo surgery. Eleven patients (21%) who underwent surgery had a syrinx (p < 0.001). After multivariate analysis, younger patients (p < 0.0001) and patients with a low-lying conus (p < 0.0001) were more likely to undergo surgical untethering.
Two patients experienced a complication following FTL sectioning. One patient developed a symptomatic pseudomeningocele requiring surgical repair. Another patient developed a seroma that was managed conservatively. Of the 21 patients with symptoms, 9 remained stable postoperatively, while 12 patients had subjective clinical improvement.
Conus Level
The conus level was examined in 405 patients with available imaging, including 253 adults and 152 children. This level was compared with the conus levels of 150 randomly selected control adults and randomly selected equally age-and sex-matched control pediatric patients ( Fig. 1) . In adults, the conus level in patients and controls appears to have a normal-type distribution that nearly overlaps, except for a small group of those with FTL and low-lying conus. Despite the similar graphical distribution in adults between those with and without FTL, the group of FTL patients with a low-lying conus accounts for a small but significant difference (p = 0.004) in conus position. In children, there is a clear difference in conus position between the FTL and control groups, with a larger proportion of patients having a lower conus than controls (p < 0.0001). When children and adults are compared with each other, children with FTL appear to be more likely to have low conus position than adults with FTL. Since symptomatic patients are more likely to have a low conus position (Fig. 2) , some of this difference may be accounted for by the larger number of children with symptoms.
Natural History
The natural history analysis included 249 patients with untreated FTLs and clinical follow-up of 6 months or longer. These patients had a mean, untreated, follow-up time of 3.47 years (range 0.5-16.4 years). There were 125 males and 124 females; 155 were adults and 94 were children. In this cohort, only one patient developed possible new or worsening symptoms after long-term follow-up. This patient initially presented at 6 months of age with radiographic evidence of a filum lipoma and a conus terminating at L1-2 and no symptoms. After 1.5 years of follow-up, she was found to have mild urinary issues with frequent urinary tract infections. She had a unilateral duplicated ureteral system, which was repaired. Following this surgery, she continued to have frequent urinary tract infections of unclear etiology and she underwent surgical untethering. Preoperative urodynamics were not obtained. Although only one patient developed possible new symptoms, a total of 15 of 52 patients undergoing surgery were in the natural history group and underwent surgical untethering after an initial decision to undergo conservative management. Of these 15 patients, 14 had no evidence of symptoms. Five patients underwent untethering at the time of scoliosis repair, and 9 had no symptoms of TCS prior to surgical untethering. Of these 9 patients without symptoms, most had a low-lying conus, a syrinx, or both.
In the natural history group, 31 patients had a lowlying conus at the time of initial evaluation. Of these patients, 23 were children and 8 were adults. None of these patients developed new or worsening symptoms during follow-up. Of the 31 patients, 9 underwent surgical untethering in the follow-up period, 2 patients underwent untethering at the time of scoliosis repair, and 7 had no symptoms of TCS (as noted above).
Discussion
With the increasing use of diagnostic imaging, there has been an increase in the identification of FTLs. Though initially thought to be associated with TCS in many or even most cases, 14 the clinical significance of FTL has recently been called into question. 1, 5, 29 Using search results from a large imaging database, we report on the largest series of FTLs to date. Most patients with FTL seen on MRI had no symptoms (95%). In the 22 patients with symptoms, the most common were urological complaints (59%), back pain (32%), and leg pain (32%). The only factor associated with the presence of symptoms was a lower conus level.
Previous studies have analyzed small cohorts of patients undergoing imaging and have suggested that most FTLs identified in adults are incidental findings.
1,4,5,29
Brown et al. 4 examined 100 MR images of the spine at their institution and identified 4 FTLs, none of which were symptomatic. Some have attempted to correlate radiographic findings with clinical presentation. Bulsara et al. 5 evaluated 36 patients with FTLs and concluded that in symptomatic patients, the fat within the filum was closer to the conus than in asymptomatic patients. The level of the conus and thickness of the filum terminale, however, did not correlate with symptomatic cord tethering. It is worth noting that the rate of symptoms attributed to tethering because of the FTL in their study was higher than the rate in our patients (42% vs 2%), reflecting different detection methods and a bias toward the discovery of symptomatic lesions in that series. 5 Al-Omari et al. 1 did not find any correlation between filum thickness, length of the lipoma, or distance from the conus with symptomatic presentation. That study identified 37 patients with simple FTLs in a review of 1205 lumbosacral MR images performed at their institution. They found that FTLs identified in adult patients were likely incidental findings and did not require intervention. However, they excluded pediatric patients and any patient who had a conus below L-2 from their study, groups that are more likely to present with symptoms.
We attempted to identify factors associated with symptomatic presentation. We found that although most symptomatic patients had a low-lying conus (17 of 22; 77%), most patients with a low-lying conus did not have symptoms (47 of 64; 73%). A normal conus level was a negative predictor for symptoms. We also sought to determine if the presence of an FTL was associated with a low conus position. In adults, the conus level in patients with FTL and controls was very similar, with the most common termination of the conus at the L-1 level, consistent with previous studies of normal conus levels.
8,23
However, a sufficient number of adults exhibited a low conus position in the FTL group to produce a statistical, if not impressive, visual difference from the adult control group (Fig. 1) . In children, there is a more obvious visual and statistical skewing of the distribution toward a lower conus level in patients with FTLs compared with age-and sex-matched controls. We found that many of the patients with a lower conus level were those who presented with symptoms.
Comparing adult and pediatric patients with FTLs, there is a higher percentage of children with a low conus position. There are several possible explanations for this difference. First, it is likely that at least some of this difference may be due to the greater likelihood of symptomatic presentation during childhood and the greater percentage of symptomatic children in this study compared with adults. Symptoms are associated with low conus position. It is also possible, since the adults and children undergo imaging for different reasons, that the adult cohort is fundamentally different from the pediatric cohort rather than merely older examples of a similar population. Although we believe that this selection bias must be considered in any analysis of our results, it is mitigated to some extent by the asymptomatic nature of most patients with a fatty filum and the large number of patients studied. Finally, it is possible that our finding of a lower conus position in children is a real phenomenon and that children with FTL have a lower conus position that persists later than in controls, even in asymptomatic individuals. In individuals without an FTL, the conus position is not expected to ascend to any significant degree beyond infancy. 9, 15, 31, 32 In contrast to this, we found that those with an FTL had a higher conus position with advancing age later in childhood (Fig. 3) . This finding lends support to the notion that the lower conus position in childhood is a real phenomenon for those with FTL, even in asymptomatic individuals.
This is the only study evaluating the untreated natural history of FTLs. We identified 249 patients with FTL with a mean follow-up time of 3.5 years. Of these patients, only 1 developed new or worsening symptoms during the follow-up period. This was a child with a normal conus level who was diagnosed at 6 months of age with an asymptomatic lesion and developed mild urinary issues of unclear etiology after 1.5 years of follow-up. No adults developed new or worsening symptoms after long-term follow-up. Overall, 33 patients who had a low-lying conus at initial presentation underwent follow-up, and none developed new or worsening symptoms. Given the increasing rate of surgical complications reported and the increasing rate of retethering identified, the natural history of asymptomatic FTLs may be superior to outcomes following surgery. We found that children were more likely to present with symptoms than adults, and that within the pediatric age group, younger children were more likely to present with symptoms than older children. This must be taken into account in any interpretation of the natural history data. Since the natural history analysis included patients of all ages, one must consider the possibility that the natural history could be worse in children, particularly young children, compared with a group composed of patients of all ages.
Symptoms of TCS include back and lower-extremity pain, urological abnormalities, lower-extremity weakness, and deformities such as pes cavus.
14,17,22,33 Although a lowlying conus has been considered an important finding in most patients with TCS, several groups have suggested that symptoms of TCS may exist with a normal conus medullaris position. 25, 28, 30 Others have pointed out that symptoms such as back pain and urological complaints are common in children without neurological abnormalities and that many of these symptoms resolve with time, medical management, and behavioral therapy.
10,11 Therefore, the management of children with subjective symptoms of TCS in the setting of a normal conus level is controversial. 10, 11 Interestingly, a study examining practice patterns found that neurosurgeons were much more likely to diagnose TCS in the setting of a normal conus position if patients had an FTL. 27 In our series, 5 patients with FTLs had possible TCS symptoms with a normally positioned conus.
Many groups have recommended prophylactic treatment for asymptomatic patients with FTL, especially if the conus is low lying.
3,16,22,25 La Marca, et al. 16 described 55 patients with FTLs, 51% of whom were asymptomatic, and compared operative outcomes of asymptomatic patients and symptomatic patients. They found that 96% of symptomatic patients improved or remained stable, while all patients who were asymptomatic remained asymptomatic. Pierre-Kahn et al. 22 described 38 patients with FTLs, 55% of whom were asymptomatic, who underwent an untethering procedure. During the 1-year postoperative follow-up period, no asymptomatic patient had developed symptoms, and all patients who were symptomatic had either improved (53%) or stabilized (47%). There were 10 patients who had 5 years of follow-up, of whom 7 were asymptomatic prior to surgery. One of the patients who was asymptomatic preoperatively developed symptoms, while all others remained asymptomatic. 22 A recent case series of FTL sectioning identified complication rates as high as 12%, including wound infections, CSF leaks, pseudomeningocele, and meningitis. 2, 6, 7, 19, 34 Although retethering following sectioning of an FTL was considered rare in the past, 6 ,16 recent series with longer follow-up periods have found retethering rates between 2.7% and 8.6%. Retethering occurs both in symptomatic patients and in those who underwent prophylactic sectioning of the filum. 7, 18, 19, 24, 26, 34 While these studies address the outcomes for asymptomatic patients undergoing surgical untethering, they do not address the natural history for asymptomatic patients with FTLs who do not undergo surgical untethering. We believe that the natural history of an FTL, as well as its prevalence in those undergoing imaging, does not justify prophylactic surgery in most asymptomatic cases. Prophylactic surgery may have a role in certain exceptional cases, such as for patients undergoing a significant scoliosis correction with the potential for spinal cord traction. This study is limited by several factors. This is a retrospective review of radiological and neurosurgical databases. There is a selection bias, as FTLs are likely underreported on MRI reports since many radiologists consider them to be incidental. 5 Therefore, prevalence cannot be calculated based on this study. Similarly, the assessment of symptoms was drawn from the medical records. Clinicians making this assessment most likely had knowledge of the MRI results, introducing a potential diagnostic suspicion bias.
We included patients in this analysis if they had findings that met the definition of a fatty filum, that is, if any part of the filum terminale exhibited thickening with fat signal on MRI (> 2 mm thick and bright on T1-weighted MRI). We did not attempt to differentiate patients on the basis of length of the fatty filum or level of the fatty segment below the conus. Patients were included even if they had never been referred for neurosurgical evaluation. It is possible that patients who have been referred for neurosurgical evaluation are more likely to present with symptoms.
In children, a large number of patients underwent surgical untethering without clear symptoms. It should not be concluded that all of these children benefitted from prophylactic surgery or even that surgical treatment was indicated in many of these children. The group of patients evaluated in the natural history analysis was selected for nonsurgical management. Therefore, this analysis should only apply to the group of patients with FTLs who are managed nonoperatively. Any conclusions that may be derived from these asymptomatic or minimally symptomatic patients should not be applied to symptomatic patients who are ordinarily considered good surgical candidates. It is likely that the natural history is worse for more symptomatic patients, for whom surgery is usually offered. Furthermore, our mean natural history follow-up period may be insufficient to capture all cases of clinical deterioration that could be seen over longer follow-up periods, an especially relevant consideration when evaluating a young child prior to his or her expected period of greatest longitudinal growth. In some cases, patients were initially recommended for nonsurgical management and then later underwent surgical untethering despite a lack of any new symptoms or radiological findings. In these cases, the decision to offer surgery was made because of continued family and physician concern despite a lack of clinical worsening. Patients with more complex intradural causes of tethering, such as a history of myelomeningoceles, lipomyelomeningoceles, conus lipomas, diastematomyelia, dermal sinus tracts, or complete sacral agenesis, were excluded. Our conclusions should not be applied to patients with these other conditions.
Finally, it is worth noting that no method for counting vertebral levels in the lumbar spine on MRI is perfectly accurate. 20, 21 We used the commonly accepted technique of labeling the most caudal of the rectangular-type vertebrae as the fifth lumbar level. 9, 20, 31, 32 This technique does not readily take into account those with more than or fewer than 5 lumbar vertebrae. In a recent analysis of 8280 patients undergoing MRI, Paik et al. 20 found that the last rectangular-type lumbar vertebra with a modal L-5 appearance represented L-4 or L-6 in 2.6% and 2.9% of patients, respectively. Review of MRI of the entire spine, not just the lumbar spine, would provide a basis for a more accurate assessment in these cases. Nevertheless, in our analysis, since levels were counted in the same manner for both the case and control groups, no difference between groups should be expected based on our method of counting levels.
Conclusions
Filum terminale lipomas are increasingly being identified on imaging. Most patients are asymptomatic.
1,4,5
Our data demonstrate that the natural history of asymptomatic FTLs is generally benign. Asymptomatic adults do not require frequent follow-up or surgical intervention. Asymptomatic children with a low conus position should be monitored closely, but prophylactic surgery confers no benefit in most cases. Clearly, symptomatic patients should be treated with surgical untethering.
